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'  -f  Abstract 

The  extended  emission  in  the  infrared  celestial  background  may  be  divided  into  three  main  components:  the 
zodiacal  background,  the  large  discrete  sources  in  the  galaxy  and  the  interstellar  dust.  The  zodiacal 
background  is  due  to  the  thermal  reCradiation  of  sunlight  absorbed  by  the  dust  in  the  solar  system.  An  earth 
orbiting  infrared  telescope  will  detect  the  diffuse  emission  from  this  dust  in  all  directions  with  maximum 
intensity  lying  roughly  along  the  ecliptic  plane  where  the  density  of  dust  is  highest.  Structure  with  scale 
lengths  of  10*^ have  been  measured  in  both  the  visual  and  infrared;  finer  structure  has  been  detected  in  the 
infrared  by  the  Infrared  Astronomy  Satellite  -ffRAS  jb  H  II  regions,  areas  of  ionized  gas  mixed  with  and 
surrounded  by  dust,  are  the  brightest  discrete  objects  in  the  galaxy  in  the  long  wavelength  infrared  -(LWU^ 
s7-30um).  The  visible  radiation  from  the  hot  star(s)  embedded  in  these  regions  is  absorbed  by  the  dust  and 
re-emitted  in  the  infrared  with  a  range  of  tenperatures  characteristic  of  the  thermal  equilibrium  for  the 
surroundings  of  the  dust.  t1hese  regions  are  relatively  large  and,  if  close  to  the  sun,  can  subtend  a 
significant  angular  area  of  sky.  The  emission  from  the  interstellar  dust  produces  a  filimentary  structured 
background,  the  infrared  "cirrus'1.  The  observed  far  infrared  color  temperature  of  -20-35K  for  the  cirrus  is 
consistent  with  emission  from  graphite  and  silicate  grains  which  absorb  the  interstellar  radiantion  field. 

The  much  larger  LWIR  color  tenperature  is  likely  due  to  a  greater  abundance  of  sub-micrcn  particles  in  the 
interstellar  medium  and,  perhaps,  from  band  emission  due  to  polycyclic  aromatic  hydrocarbons.  These  galactic 
sources  carbine  along  the  line  of  sight  to  produce  ary  yntense  band  of  emission  centered  on  the  galactic 
plane  which  has  full  width  at  half  maxima  of  about  2m.r^ 

A 

Introduction 

Meter  class  instruments  such  as  the  Infrared  Space  Observatory  ( ISO) 1,  an  approved  and  funded  project 
of  the  European  Space  Agency,  and  NASA's  projected  Space  Infrared  Telescope  Facility  (SIRTF) 2  are  expected 
to  have  diffraction  limited  performance  (<20  pr)  in  the  LWIR  at  high  sensitivity.  Broad  band  photometry 
with  these  instruments  is  expected  to  have  a  sensitivity  of  400  ujy  (1  jy  =  10-*6  w  M-2Ite-1)  or  about 
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at  lli»n  for  a  one  second  integration  time  characteristic  of  area  surveys. 


The  system  performance  of  such  LWIR  telescopes  in  near  earth  orbits  will  be  limited  by  the  general  nature 
and  detailed  character  of  the  natural  background.  Trade-offs  between  the  detector  size  and  sensitivity,-  the 
amount  of  data  processing  and  the  extent  and  location  of  avoidance  regions  are  forced  by  the  intensity 
structure  of  the  discrete  and  diffuse  ccrponents  in  the  background. 

The  ultimate  sensitivity  of  any  LWIR  sensor  is  set  by  the  photon  flux  on  the  detector  from  the  diffuse 
zodiacal  backkground.  This  emission  is  pervasive  and  is  observable  in  all  directions  for  a  telescope  in  near 
earth  orbit.  However,  the  intensity  is  highly  aspect  dependent,  being  brightest  near  the  sun  and  along  the 
ecliptic  plane  where  the  density  of  the  zodiacal  dust  is  greatest.  The  large  source  densities  and  extended 
structure  in  the  celestial  background  at  the  sensitivities  projected  for  space  borne  infrared  telescopes  can 
create  a  confusion  problem  which  can  tax  the  data  processing.  The  large  scale  infrared  celestial  emission, 
either  nearby  II  II  regions  or  the  infrared  "cirrus”,  is  wispy  in  appearance  with  scale  lengths  ranging  from 
many  degrees  down  to  at  least  as  snail  as  the  0.22mr  width  of  the  IRAS  detectors.  The  snail  scale  structure 
can  cause  a  clutter  problem  through  jitter  for  a  staring  instrument  such  as  a  mosaic  camera  or  directly  for 
a  scanning  photometric  measurement.  The  scan  clutter  problem  is  further  compounded  by  registration  difficul¬ 
ties  due  to  field  rotation. 

The  current  observations  on  the  extended  celestial  background  is  reviewed  with  enphasis  on  the  LWIR.  Some 
discussion  of  the  physical  processes  involved  and  how  they  nay  be  modeled  is  also  included. 

Zodiacal  Bnission 

The  zodiacal  background  is  associated  with  dust  in  the  solar  system.  The  visual  nanifestation  is  due  to 
reflected  sunlight  and  is  most  prominently  seen  as  an  ellipsoidal  glow  in  the  twilight  of  the  springtime 
setting  sun  or  before  sunrise  in  the  fall.  The  infrared  background  arises  from  the  thermal  re-emission  of 
the  absorbed  sunlight.  The  geometry  of  this  phenomenon  is  related  to  that  of  the  solar  system  and  the 
pertinent  quantities  are  defined  below: 
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angular  area  of  sky.  The  emission  from  the  interstellar  dust  produces  a  filimentary 
structured  background,  the  infrared  "cirrus".  The  observed  far  infrared  color  temperature 
of  ~20-35K  far  the  cirrus  is  consistent  with  emission  from  graphite  and  silicate  grains 
which  absorb  the  interstellar  radian tion  field.  The  much  larger  LWIR  color  temperature  is 
likely  due  to  a  greater  abundance  of  sub-micron  particles  in  the  interstellar  medium  and, 
perhaps,  from  band  emission  due  to  polycyclic  arena  tic  hydrocarbons.  These  galactic  sources 
combine  along  the  line  of  sight  to  produce  an  intense  band  of  emission  centered  on  the 
galactic  plane  which  has  full  width  at  half  maxima  of  about  2®. 


integral.  If,  as  is  generally  assured,  the  properties  of  the  dust  are  independent  of  position  then  such  an 
inversion  traces  the  variation  in  particle  density.  Usually,  the  peak  intensity  of  the  zodiacal  light  is 
assured  to  follow  a  power  law  (I  «  R<3).  Leinert  et  al  12  derived  a  value  of  q  ~  -2.3  inside  the  solar  circle 
from  Observations  with  the  Helios  spacecraft.  A  steeper  falloff  (q  -  -2.6)  was  found  by  Toiler  and  Weinberg*3 
between  1  and  2.4  AU  from  in  situ  measurements  on  board  Pioneer  10  and  11.  Inverting  the  brightness  integral 
with  the  above  assumptions  results  in  a  dust  density  proportional  to  r(1-*).  In  a  simple  model,  dust 
particles  injected  into  the  solar  system  from  a  single  source  acted  upon  by  the  Poynting-Robertson  effect 
will  have  a  1/R  distribution®.  The  steeper  falloff  reported  above  (r-1.3  to  R-**®)  implies  that 
there  are  multiple  sources  distributed  over  an  extended  eregicn*4  and/or  focusing  to  the  ecliptic  plane 
due  to  collisions*®.  However,  Schuemann*®  found  that  the  brightness  variation  measured  by  Pioneer  10 
was  more  complex  than  described  by  a  single  power  law.  Alternatively,  Lamy  and  Perrin*?  adopt  a  l/R  density 
distribution  and  explain  the  observed  brightness  variation  in  terms  of  an  r-*3*3  variation  in  the  volume 
scattering  function. 

Out  of  the  plane  of  symmetry,  the  observed  visual  brightness  variations  in  ecliptic  latitude  for  the 
region  inside  the  earth's  orbit  are  best  represented  by  a  modified  fan  shaped  density  distribution®'*7'*8. 

In  addition  to  the  Gegenschein,  enhanced  back  scattering  of  the  dust  particles  at  the  anti-solar  point, 
small  scale  structure  has  also  been  observed  in  the  visible  zodiacal  light  by  Hong  et  al*9.  These  local 
variations  are  reported  to  be  about  10%  in  amplitude  with  a  7-10*  scale  length. 

Infrared  observations  are  complementary  to  the  visual  in  constraining  the  characteristics  of  the  dust  and 
provide  a  better  probe  of  the  outer  regions  of  the  zodiacal  clouds.  The  complex  nature  of  the  dust  cloud  as 
revealed  by  infrared  observations  is  reviewed  next. 

Infrared  Measurements 

As  a  dust  grain  nears  the  sun  its  temperature  rises  until  the  sublimation  point  is  reached.  The  grain 
sublimes,  decreasing  in  size  until  the  radiation  pressure  balances  the  Poynting-Robertson  drag 
(d(wn)  p  (g  cm-*)  -  1,  Leinert3).  If  the  grain  temperature  is  independent  of  size,  a  local  enhancement 
will  be  built  up  in  the  region  where  the  grain  temperature  is  near  the  vaporization  point.  Several  regions 
of  enhanced  infrared  emission  near  the  sun  were  reported  by  ground  and  balloon  based  observations  in  the 
late  1960's  20-24,  the  most  consistent  is  at  4  solar  radii.  A  recent  multi-color  near  infrared  observations 
from  a  balloon  platform2®  also  detected  a  ring  at  4  solar  radii.  The  relative  variation  of  the  near  infrared 
intensities  as  a  function  of  solar  distance  are  in  good  agreement  between  these  experiments  but  the  absolute 
values  differ  by  as  much  as  a  factor  of  four.  This  discrepancy  and  the  fact  that  the  rings  were  not  detected 
on  all  experiments  led  Koutchmy  and  Lamy2®  to  speculate  that  the  rings  may  be  transitory.  At  longer  wave¬ 
lengths,  several  regions  of  enhanced  emission  were  reported  by  Lena  et  al27  at  10 un  near  the  sun  from 
an  experiment  flown  on  the  Concorde  during  the  1973  total  solar  eclipse. 

The  near  infrared  observations  of  the  zodiacal  background  at  larger  elongations  are  limited  to  two 
measurements  near  e  -  25*  obtained  on  experiments  flown  in  the  early  1970's.  Hayakaiwa  et  al28'29 
obtained  multi-color  near  infrared  measurements  with  a  rocket  borne  experiment  while  Hofmann  et  al30  used  a 
balloon  platform  for  measurements  at  2.4un.  More  extensive  observations  are  needed  on  the  near  infrared 
zoidacal  background  as  a  function  of  position  in  order  to  map  the  transition  frcm  reflected  sunlight  to 
thernal  emission. 

Soifer  et  al3*  reported  the  first  infrared  observations  of  the  thermal  emission  at  larger  elongations  from 
the  zodiacal  dust  with  5-6,  12-14  and  16-2 3pm  photometry  of  a  single  plane  crossing  at  e  -  106*  fran  a 
sounding  rocket.  The  results  were  rendered  somewhat  uncertain  by  the  large  contribution  of  off  axis  earth- 
shine  to  the  measurement.  The  same  group  flew  a  subsequent  spectrophotcmetric  experiment 32  and  obtained 
an  8-14pm  spectrum  of  the  emission  peak  from  the  plane  at  e  -  103*.  The  spectrum  showed  a  broad  silicate 
emission  feature  in  excess  of  a  300K  gray  body  continuum.  This  is  consistent  with  recent  laboratory  measure¬ 
ments  on  captured  interplanetary  dust  particles33  which  show  prominent  10un  silicate  features  characteristic 
of  chondritic  material. 

The  largest  data  base  on  the  LWIR  emission  frem  the  zodiacal  dust  cloud  is  that  obtained  by  the  Optical 
Fhysics  Division  of  the  Air  Fbrce  Geophysics  Laboratory  on  a  series  of  probe  rocket  borne  experiments  frem 
1974  to  1983  and  by  the  Infrared  Astroncrry  Satellite  (IRAS)  during  1983.  The  relative  brightness  at  11  and 
20 wn  along  the  ecliptic  between  35*  and  75*  elongation  was  measured  on  a  September  1974  experiment34.  These 
measurements  have  a  systematic  zero  point  error  as  they  are  relative  to  the  brightness  beyond  |  p|  >  30*,  the 
region  used  as  a  zero  reference  in  deconvolving  the  ac  coupled  signals.  AFGL  obtained  LWIR  spectrophotometry 
on  several  rocket  flights.  In  1975,  several  plane  crossing  were  made  between  3.5  and  26*  elongation3®. 

Later,  more  extensive  coverage  (22-85*  and  137-180*  elongation;  frem  -60*  ecliptic  latitude  to  the  north 
ecliptic  pole)  was  obtained  on  the  Zodiacal  Infrared  Project  (ZIP) 36,  a  two  flight  experiment  which  sanpled 
the  zodiacal  background  in  15  spectral  bands  spanning  the  region  from  2  to  3Qi  m.  A  single  plane  crossing 
19.5*  from  the  sun  was  measured  with  a  different  set  of  filters  during  an  October  1983  experiment. 

IRAS  observed  the  zodiacal  emission  between  60  and  120*  elongation  continuously  over  a  10  month  period  in 
198337  in  four  broad  spectral  bands,  8-15,  16-30,  45-75  and  85-115ym.  The  survey  aspect  was  restricted  to 
within  30*  of  quadrature  (the  large  majority  of  data  lie  in  the  region  75*<e<105*)  and  the  in  plane  bright¬ 
ness  varied  by  only  a  factor  of  4.  Cn  the  other  hand,  the  long  period  of  observations  with  multiple  rescans 


of  a  given  area  covered  all  ecliptic  longitudes  with  a  range  of  viewing  geometries. 

Figure  2  oonpares  the  various  brightnesses  measured  near  Him  along  the  ecliptic  plane.  The  IRAS  data 
(circles)  include  the  color  correction  of  Hauser  and  Houck 38.  Spectral  photometry  at  e  -  22  and  90*  from 
various  experiments  is  ccrpared  in  figure  3.  In  general,  the  various  measurements  agree  to  within  the  quoted 
errors  although  there  may  be  a  trend  for  the  IRAS  in  plane  observations  to  be  about  40%  higher  than  the  ZIP 
data.  The  agreement  is  nuch  better  at  the  pole  as  can  be  seen  in  figure  4.  The  AFT3L  experiments  measured 
full  width  at  half  maxima  (FV/1M)  of  7,  10  and  70*  at  e  >  3.5,  22  and  90* ,  respectively,  which  are  nearly 
independent  of  wavelength  over  the  spectral  range  of  6  to  25  nn.  In  contrast  Hauser  et  al37  report  IRAS 
derived  values  at  e  ~  90*  of  83*  at  12ym  and  68*  at  25nn. 
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Figure  2.  In  Plane  Variation  of  Zodiacal  Brightness  at  llun.  The  squares  with  error  bars  are  the  ZIP 

broad  band  llun  data  36,  crosses  are  from  Soifer  et  al33  and  Briotta  et  al32,  and  the  shaded  area 

are  the  data  of  Price  et  al34  corrected  to  the  ZIP  observations  at  |  fl|  >  40*.  The  circles  represent  the 

IRAS  observations 37  with  the  corrections  of  Hauser  and  Houck 38.  The  near  sun  measurements  of  Murdock 35  are 

shown  by  the  diamonds  and  the  unpublished  1983  rocket  borne  measurement  at  e  ~  22*  is  the  triangle  with  the 

estimated  error.  The  reference  line  is  the  sinple  model  described  by  Murdock  and  Price36  with  a  1/R  density 

distribution. 

The  reference  curves  in  figures  2-4  are  from  the  sinple  rrodel  formulated  by  Price  and  Murdock 3 5  vhich 
adopts  a  mean  particle  size,  albedo  and  a  fan  shaped  density  distribution  with  a  1/R  in  plane  variation  and 
provides  a  reasonable  fit  to  the  observations.  A  more  rigorous  model  by  Frazier  et  al3^  assumes  a  1/R 
density  variation,  a  three  regime  power  law  distribution  of  particle  sizes  and  albedos  derived  from  the 
optical  constants  of  the  adopted  chemical  corposition  of  the  material  and  Mie  scattering  theory.  Although 
there  is  reasonable  agreement  between  this  model  and  the  in  plane  visual  intensity  and  the  polarization,  the 
infrared  values  are  discordent  by  at  least  a  factor  of  two  at  the  anti  solar  point.  Thus  the  infrared 
properties  of  the  dust  are  not  sinple  functions  of  solar  distance3?.  By  inverting  the  brightness  integral 
for  the  ZIP  observations,  Hong  and  Un40  deduce  that,  indeed,  the  density  of  the  dust  varies  markedly  with 
solar  distance.  They  further  concluded  that  the  infrared  properties  of  the  dust  are  not  spatially 
homogeneous  and  that  the  visual  observations  sample  a  different  mixture  of  dust  properties  than  the  infrared. 
Of  course,  such  conclusions  depend  on  the  model  assumptions.  Ebr  instance,  Cumont  and  Levasseur-Regourd43 
interpret  the  variation  of  dust  properties  as  due  to  a  change  in  albedo.  They  derived  values  of  a  =  -08  at 
.98  AU  and  .06  at  1.4  AU  from  IRAS  measurements  and  propose  that  the  steeper  R-2,3  falloff  found  in  the 


visual  represents  a  shallower  density  variation  (1/R  in  agreement  with  the  infrared  data)  coupled  with  a 
albedo  which  decreases  with  heliocentric  distance. 
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Figure  3.  In  Plane  Spectra  of  Zodiacal  Bnission.  Squares,  circles  and  the  diamond  have  the  same  designations 
as  in  Figure  1  (the  visual  points  are  taken  from  Allen's  "Astrophysical  Quantities").  The  crosses  are 
observations  analyzed  by  Nishimura29. 

The  plane  of  synmetry  of  the  zodiacal  dust  cloud  defined  by  the  peak  infrared  emission  lies  neither  in 
the  ecliptic  nor  invariable  planes,  in  qualitative  agreement  with  visual  measurements.  The  recent  results 
based  on  IRAS  data  for  the  geometry  of  the  cloud  as  reviewed  by  Hauser  et  al^2  have  an  inclination  of 
2-2.5*  and  an  ascending  node  of  74-78*  for  the  plane  near  1  AU  from  the  seasonal  variation  of  the  brightness 
at  the  ecliptic  poles  and  a  1.5*  inclination  with  a  55*  ascending  node  for  the  naterial  outside  the  orbit  of 
the  earth  based  on  the  longitudinal  dependence  of  the  latitude  of  the  peak  emission.  From  an  analysis  of 
the  IRAS  25im  observations  of  the  peak  brightness  and  the  latitude  variation  with  longitude,  Dennett  et 
al4^  concluded  that  the  plane  of  synmetry  is  either  warped  or  that  the  infrared  zodiacal  dust  cloud  is  not 
axisynmetric.  The  peak  25wn  brightness  was  well  fit  by  a  parabolic  variation  in  elongation. 

Also  on  the  global  scale,  IRAS  detected*^  bands  of  enhanced  zodiacal  emission  centered  on  the  plane  of 
synmetry  and  10*  either  side  of  it.  The  2. 2-2. 3  AU  solar  distance  of  the  bands  was  inferred  by  their  165- 
200K  color  temperature  was  subsequently  supported  by  photometric  parallax  measurements  of  the  separation  of 
the  bands  as  a  function  of  elongation^.  Dermott  et  al^3,47  have  argued  that  these  bands  are  the 
geometric  projections  of  dust  and  small  particles  associated  with  the  prominent  Hirayama  asteroid  families. 

Bos  and  Themis.  Sykes  and  Greenberg ^8  calculated  that  a  single  collision  several  million  years  ago 
between  two  members  of  these  families  seme  15-2 5km  in  diameter  could  produce  the  band  as  seen  today.  Further, 
given  a  reasonable  asteroidal  size  distribution  and  collision  rate  in  the  Hirayama  families  as  nany  as  20 
more  bands  nay  be  detectable  in  the  IRAS  data;  the  more  recent  events  would  form  arcs  rather  than  carpi ete 
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Figure  4.  Zodiacal  Spectrum  at  the  Ecliptic  Pole.  Comparison  of  the  ZIP  (squares)  and  IRAS  (circles) 
observations  at  the  north  ecliptic  pole. 

bands.  The  small  debris  from  such  an  event  would  collide  with  the  background  zodiacal  dust  resulting  in 
further  fragmentation.  Collision  fragments  are  removed  from  the  bands  to  become  part  of  the  general  back¬ 
ground  of  zodiacal  dust  when  the  Poynting-Robertson  drag  on  the  resulting  particles  exceeds  about  10  times 
the  gravitational  force.  Sykes  and  Greenberg 48  conclude  that  the  majority  of  the  zodiacal  dust  is  produced 
in  this  manner. 

The  IRAS  Asteroid  Data  Analysis  System  is  analyzing  several  million  sources  with  solar  system  colors  which 
were  detected  on  a  single  orbit  but  not  confirmed  on  a  subsequent  scan  (that  is,  a  potential  moving  object). 
Over  10,000  of  these  observations  have  been  associated  with  n entered  asteroids4^,  lhassociated,  high  quality 
observations  (in  two  or  more  spectral  bands  with  proper  color  temperature)  in  this  file  show  a  irarked 

concentration  to  the  ecliptic  plane50  which  argues  that  the  file  probable  contains  numerous  measurements  of 

small  asteroids  or  comets.  Dust  strewn  along  the  orbit  of  short  period  comets  should  also  be  an  important 
contributor  to  this  file.  For  instance,  the  dust  trail  from  P/Tenple  2  was  found  in  the  IRAS  data  by  Davies 
et  al51  as  50  faint  seconds  confirmed  sources  detected  in  July  of  the  IRAS  emission  and  subsequently  confirmed 
on  rescanning . 

A  study  of  the  large  scale  IRAS  sky  flux  maps  by  Sykes  et  al52  turned  up  numerous  dust  trails  and  streaks 
in  the  zodiacal  background.  In  addition  to  P/Tenple  2,  dust  trains  from  P/Enke,  P/Gunn  and  P/Schwas smann - 

Wachmann  I  have  been  positively  identified.  P/Tsrple  2  has  the  brightest  trail  and  was  detected  over  at 

least  48*  of  the  sky,  which  corresponds  to  over  1  AU  in  length.  Sykes  53  resolved  the  comet  and  tail  in  an 
IRAS  coadded  map  and  was  able  to  distinguish  the  dust  trail  from  the  large  particle  component  of  the  tail. 
Thus,  cometary  ejecta  have  a  bimodal  distribution;  a  small  component  sensitive  to  radiation  pressure  and  a 
millimeter/centimeter  component  which  remains  in  the  orbit  of  the  comet.  The  amount  of  naterial  distributed 
along  the  detectable  length  of  the  P/Temple  2  trail  is  estimated  at  about  10 12  grams52  to  over  1010 
kg55.  This  dust  was  deposited  over  a  period  of  several  hundreds  of  years  by  numerous  emission  events. 

This  is  the  same  order  of  magnitude  as  the  5,000  ton  mass  ejection  per  perihelion  passage  estimated  by  Singer 
et  al55  for  the  Enke  stream.  Sykes  et  al  also  found  evidence  of  at  least  100  other  trails  in  the  sky  flux 
maps  but  have  been  able  to  only  tentatively  associate  trails  with  P/Temple  1,  P/Kbpff  and  P/Shoemaker  2. 

These  trails  are  generally  narrow,  only  a  few  of  the  V  pixels  in  the  sky  flux  maps,  and  most  are  less  than 
a  few  degrees  in  length.  The  trails  vary  in  brightness,  length  as  ecliptic  position.  The  most  distant 
comet  with  a  dust  trail  is  P/Scwassmann -Wachmann  I  which  was  observed  at  6.3  AU  from  the  sun. 

At  100  to  1000  times  the  sensitivity  of  the  IRAS  survey,  future  space  borne  telescopes  will  have  to 
observe  against  a  structured  zodiacal  background.  The  bands,  arcs,  dust  trails,  asteroids  and  comets  which 


populate  the  IRAS  data  base  will  be  prominent  IWIR  objects  at  these  intensity  levels. 

Extended  Galactic  Background 

The  extended  LWIR  galactic  background  is  primarily  due  to  emission  from  dust.  Galactic  gas  and  dust  are 
concentrated  to  the  galactic  plane  with  a  thickness  of  about  200  pc  (pc  =  202625  AU  =  3.09  x  10 16  an) 
inside  the  solar  circle  and  increasing  height  with  galactocentric  distance  beyond  the  sun.  About  3  x  109 
solar  masses  (M  =  2  x  1033  grams)  of  the  gas  is  neutral  atomic  hydrogen  (HI)  which  is  more  or  less 
evenly  divided  between  cloud  and  intercloud  material5®.  to  equal,  or  slightly  greater,  mass  of  gas  is 
molecular,  predominantly  molecular  hydrogen.  Oust  comprises  only  about  1%  of  the  mass  of  the  interstellar 
material,  which  itself  is  less  than  10%  of  the  total  mass  of  the  galaxy. 

Most  of  the  molecular  gas  is  contained  to  the  6000-plus  giant  molecular  clouds  (CMC‘s)  which  lie  along 
the  spiral  arms 57.  the  rest  is  in  the  numerous  smaller  clouds  distributed  throughout  the  galaxy.  The 
GMC's  are  massive,  5xl(F  -  10®  M_,  gravitational  bound  objects  with  an  average  diameter  of  40  pc®  . 

About  three  quarters  of  the  clouds  larger  than  20  pc  in  diameter  have  low  kinetic  temperature (  ~  10K) 
characteristic  of  an  optically  thick  cloud  in  the  interstellar  environment.  The  remaining  clouds  have 
internal  sources  of  heating  due  to  recently  formed  stars  and  are  closely  associated  with  H  II  regions®9. 

These  molecular  clouds  generally  exhibit  a  considerable  degree  of  internal  structure  with  extensive 
fragmentation,  numerous  condensations  and  filimentary  structures. 

H  II  regions  are  created  around  a  newly  formed  0  or  B  star  (Te  >  15.000K)  or  cluster  of  stars.  The  stellar 
uv  flux  completely  ionizes  the  surrounding  hydrogen  (hence  the  designation  H  II,  I  represents  the  neutral  ion  - 
II  singly  ionized,  etc.  ),  helium  is  singly  ionized  and  most  of  the  other  elements  are  either  singly  or  doubly 
ionized.  The  ionized  electrons  are  oollisionally  thermalized  and  the  nebula  is  cooled  and  the  kinetic  tenper- 
ature  is  stabilized  to  about  10, 000K  by  forbidden  line  emission  from  the  recombination  of  electrons  and 
ions.  The  line  intensities  are  large  and  the  H  II  region  is  visible  over  considerably  distance.  Indeed, 
these  regions  are  used  to  estimate  extra-galactic  distances. 

H  II  regions  are  prodigious  infrared  emitters.  The  majority  of  the  visual  and  uv  flux  from  the  embedded 
star(s)  is  absorbed  by  the  dust  surrounding  the  H  II  region  and  then  is  thermally  re-emitted  in  the  infrared. 
The  flux  from  a  typical  H  II  region  generally  peaks  at  about  70ym  but  the  spectral  energy  distribution  is  much 
broader  than  blackbody  emission  at  a  single  temperature  with  significant  LWIR  omission.  Harris  and  Rowan- 
Rbbinson®0  estimated  the  core  brightness  of  a  typical  large  H  II  region  at  10 10  w  cm  ~2  un~l  at  10  and 
20  pm. 

The  large  size  and  infrared  luminosity  of  these  regions  rrake  them  easily  detectable  throughout  the  galaxy. 
The  closer  regions  are  easily  resolved  at  moderate  resolution  (<  lmr)  and  can  cover  a  large  area  of  sky; 
the  Orion  ecnplex  spans  over  100  square  degrees  in  area. 

The  most  pervasive  large  scale  background  is  the  infrared  cirrus.  This  highly  structured  emission  is 
detectable  over  the  entire  sky  and  is  indistinguishable  in  appearance  from  the  filaments  in  the  outer  regions 
of  H  II  regions  and  molecular  clouds.  Gautier®!  described  the  appearance  of  the  cirrus  as  having  "long, 
spider-like  filaments,  clumps  and  long  arching  structures  composed  of  small  whisps,  filaments  and  clumps. 

Small  scale  structure  is  seen  down  to  the  resolution  of  the  IRAS  data,  2  to  4  arc  minutes".  The  complex 
strucutre  of  the  infrared  cirrus,  molecular  clouds  and  H  II  regions  can  present  a  aspect  dependent  clutter 
problem  for  an  area  survey  with  a  meter  class  telescope  which  can  either  increase  noise  or  result  in  spurious 
sources.  The  magnitude  of  the  problem  depends  on  the  intensity  of  the  filimentary  strucutre  at  the  reso¬ 
lution  of  the  instrument.  Armstrong  et  al®2  determined  that  electron  density  fluctuations  in  the  inter¬ 
stellar  medium  has  a  density  spectrum  of  the  form  (size)  3.6  ±  0.2t  cxxisistent  with  a  Kblmogorove  spectrum 
(exponent  =  11/3)  for  the  energy  cascade  to  smaller  sizes  due  to  turbulence.  Such  a  steep  function  would 
predict  little  energy  in  microfilaments  at  the  resolution  of  a  meter  class  infrared  telescope.  The  recent 
measurements  on  the  turbulent  spectra  of  molecular  clouds®3  and  H  II  regions®4  indicate  a  shallower 
power  function  than  due  to  Kblmogorove  processes.  These  observations  indicate  that  the  interstellar  medium 
is  compressible  or  that  there  are  additional  sources  of  energy  as  smaller  scales. 

Gautier®!  noted  the  correlation  between  the  infrared  cirrus  and  the  high  latitude  reflection  nebula  studied 
by  Sandage®®  which  indicates  that  some  significant  fraction  of  the  cirrus  is  near  the  sun  ( ~  lOOpc)  and  that 
the  dust  re-emits  the  absorbed  integrated  star  light  from  the  galactic  plane.  A  more  quantitative  study  by 
deVries  and  Le  Poole®®  found  that  the  100txn  cirrus  emdssion  correlated  well  with  visual  extinction  (the 
amount  of  dust)  derived  frcm  star  counts  for  two  high  latitude  reflection  nebula  and  that  the  infrared 
temperature  of  the  clouds  were  extremely  constant  indicating  that  starlight,  rather  them  an  internal  source 
powered  the  infrared  emission.  Sandage's  description  of  the  two  faint  reflection  nebula  he  studied  is  quite 
similar  to  that  of  Gautier  for  the  infrared  cirrus.  Sandage  noted  that  one  cloud  was  finely  filamented  on  a 
scale  as  small  as  30"  which  indicates  that  significant  cirrus  emission  is  likely  to  be  present  on  conparable 
scales. 

Correlation  has  also  been  found  between  the  infrared  cirrus,  HI  emission®7  and  molecular  clouds  (CD 
emission) ®8.  This  was  not  too  suprising  since  it  has  been  known  for  some  time  that  interstellar  dust,  as 
detected  through  visual  extinction  of  starlight,  is  well  correlated  with  the  column  density  of  gas  (HI  plus 
molecules)®9.  The  20-30K  aolor  tempeartures  of  the  infrared  cirrus  derived  from  the  60  to  100  um  IRAS 
observations  is  consistent  with  heating  by  the  interstellar  radiation  field;  although  Harwit  et  al70  have 
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argued  that  a  significant  portion  of  the  cirrus  emission  in  these  bands  are  due  to  forbidden  line  emission 
from  [0  I]  and  [0  III].  The  large  amount  of  LWIR  emission  (IRAS  12  and  25jm  bands)  67,71  ^35  hcwever, 
unexpected.  Not  only  is  the  LWIR  emission  orders  of  magnitude  larger  than  expected  on  the  basis  of  the 
long  wavelength  observations  but  the  12im:25tm  color  temperatures  are  also  high(>  300K). 

Bart  of  this  emission  is  probably  due  to  the  non-equilibrium  heating  of  small  dust  grains  by  the  uv 
in  the  interstellar  radiation  field.  Draine  and  Anderson"72  calculated  that  substantial  amounts 
of  continuum  radiation  at  less  than  50pm  can  result  in  temperature  fluctuations  in  small  interstellar 
graphite  and  silicate  grains.  These  temperature  fluctuations  cure  large  when  the  energy  of  the  absorbed 
photon  is  comparable,  or  greater,  than  the  average  heat  content  of  the  grain.  Fbr  the  interstellar  radia¬ 
tion  field  this  will  occur  for  grains  with  radii  <  .01  un.  This  was  found  to  account  for  seme,  but  not 
all,  the  LWIR  excess  on  a  galactic  scale7 3. 

Puget  et  al74  suggest  that  a  significant  fraction  of  the  interstellar  LWIR  radiation  is  due  to  band 
emission  from  polycyclic  aromatic  hydrocarbons  (PAH's).  lager  and  Puget7^  noted  the  similarity  in  the 
laboratory  spectrum  of  the  PAH  molecule  Coronene  and  the  unidentified  emission  features  at  3.3,  3.4,  6.2, 

7.7,  8.6  and  11.3  um  in  reflection  nebula  and  some  H  II  regions.  PAH's  have  not  yet  been  observed  in  the 
cool  interstellar  medium  although  Leger  and  d’Hendecourt7®  and  Crawford  et  al77  find  a  reasonable  match 
between  the  absorption  spectrum  of  singly  ionized  PAH's  and  the  diffuse  interstellar  bands  in  the  visual. 

On  the  hasis  of  this  investigation  Leger  and  d'Hendecourt  conclude  that  only  a  snail  number  PAH's  are  stable 
in  the  interstellar  medium  but  that  they  are  the  most  abundant  molecules  after  H2  and  CO.  Du ley  and 
Williams 78  on  the  other  hand,  claim  that  PAH's  exist  only  in  regions  of  shock  formation  since  chemical 
reactions  with  H  and  O  will  effectively  destroy  them  in  the  interstellar  clouds.  Instead,  hydrogenated 
amorphous  carbon  dust  will  form  in  denser  diffuse  clouds  and  dark  clouds.  This  could,  in  part,  account  for 
the  variation  of  the  12  to  lOOim  intensity  ratio  from  cloud  to  cloud  and  different  regions  of  infrared 
cirrus. 

The  overlapping  of  the  emission  from  the  infrared  cirrus,  discrete  and  extended  sources  along  the  line  of 
sight  and  in  the  sensor  field  of  view  results  in  an  intense  diffuse  LWIR  emiission  centered  on  the  galactic 

plane,  a  portion  of  which  is  shown  in  figure  5.  The  emiission  is  nearly  constant  out  to  60*  of  either  side  of 

the  center  with  a  nearly  exponenetial  decrease  at  larger  longitudes.  The  2.4  and  4im  background79  can  be 
accounted  for  by  stellar  sources  reddened  by  interstellar  extinction.  The  emission  in  the  far  infrared  can 
be  attributed  to  dust  in  the  galactic  plane  heated  either  by  the  interstellar  radiation  field  or  hot  O  and  B 

stars77.  The  LWIR  emission  along  the  galactic  ridge  is  again  in  excess  of  predictions.  If  the  observed 

10nn  emission  is  accounted  for  by  adding  circumstellar  dust  shell  sources  to  the  point  source  model  that 
adequately  describes  the  near  infrared  background,  the  ridge  brightnesses  at  20  and  27 gn  are  overpredicted. 
If,  as  suggested  by  Cox  et  al77,  a  significant  portion  of  the  LWIR  emission  from  the  galactic  plane  is  from 
PAH's  then  their  characteristic  band  features  may  be  observable.  Spectrophotometry  of  the  diffuse  emiission 
from  the  galactic  plane  at  a  longitude  of  36*  in  figure  6  along  with  the  star  burst  galaxy  M82,  for 
comparison,  which  has  strong  PAH  band  emission.  The  375K  grey  body  spectral  distribution  is  characteristic 
of  the  4nn:llim;20im  color  temperature  of  the  emission*7  is  shewn.  The  spatial  (5'xl5')  and 
spectral  (l-4wm)  resolutions  of  the  measurement  is  too  course  for  unambiguous  interpretation.  Hcwever, 
the  spectrum  is  consistent  with  emission  bands  from  dust  at  7.7+8.6gm  and  11.3im  in  a<ldition  to  a 
silicate  absorption. 

Cbnclusion 

Extended  celestial  emission  will  present  a  oomplex  and  varied  background  for  a  spaced  based,  cryogenic 
LWIR  telescope  system.  Dust  circs,  comet  trails  and  asteroids  in  the  solar  system  provide  (moving)  sources  of 
spurious  signals  for  area  surveys.  The  highly  structured  and  filigreed  background  due  to  structure  in 
molecular  clouds,  H  II  regions  and  infrared  cirrus  could  be  a  source  of  scan  noise  and  spurious  signals  due 
to  field  rotation  and  scan  aspect.  Evidence  indicates  that  this  structure  is  present  down  to  the  resolutions 
of  a  meter  class  instrument  and  thus  cannot  be  avoided  with  small  fields  of  view.  Strong  arguements  exists, 
includign  a  low  resolution  spectrum  of  the  diffuse  emission  frem  the  galactic  plane,  that  emission  from  this 
background  has  a  great  deal  of  spectral  structure. 


SPECTRUM  OP  THE  DIFFUSE  EMISSION  FROM  THE 
GALACTIC  PLANE  AT  1-w  36* 


AFGL  SURVEY 


ZIP  BANDPASSES 


5ft 


^  2400K  / 

/ 

'4  / 

' 

i  /  i 

4  ‘ 


I  ^  ^ 


lOr  3  Vm 

I  la.. 


0 

M 

M3»im  II 


;\  tsf/M 

•A  1  ,v/ 


X  (jim) 

Figure  6.  Spectrophotometry  of  the  Galactic  Plane.  Triangles  are  halloco®®  and  rocket  borne®*  near 
infrared  measurements,  the  open  circles  are  fran  the  AFGL  survey®  and  squares  the  ZIP  observations. 

Error  bars  are  estimated  internal  errors.  ZIP  observations  at  the  same  wavelength  are  from  separate 
detectors  and  are  shewn  individually  since  the  detectors  track  slightly  different  regions  of  the  plane. 

The  respective  handwidths  of  the  observations  are  depicted  at  the  top.  The  dusty  galaxy  M82  is  shewn  for 
comparison  of  the  spectral  features.  IRAS  low  resolution  spectral  data  is  the  solid  line  at  >  Sun.  The 
dashed  line  is  higher  resolution  data  of  the  central  28"  from  Willner  et  al®2  and  Houck  et  al®3  which 
have  been  scaled  by  a  factor  of  two  to  natch  the  IRAS  data.  Hie  emission  features  in  M82  have  been 
identified. 
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